Transcriptional activation of metallothionein (MT) genes by heavy metals is a valuable system for understanding the functions of MT as well as the cellular response against heavy metals. Although it is now known that heavy metal signals culminating in MT induction converge upon a transcription factor MTF-1, the mechanism underlying the MTF-1 response to heavy metals has not been elucidated. To address this issue, we investigated various aspects of the in vivo response of MTF-1 against heavy metals. Chromatin immunoprecipitation assay showed that heavy metal-dependent DNA binding of MTF-1 is the critical step in vivo. MTF-1 is primarily localized in the nucleus so that heavy metal-dependent nuclear translocation demonstrated by other groups does not seem to be universal and hence may not be critical for activation of MTF-1. In the six Znˆnger motifs, the hallmark of MTF-1, the third and the fourthˆngers are essential for the nuclear localization of MTF-1. Furthermore, allˆngers except the last are important for transcriptional activation function of MTF-1, suggesting their key role for MTF-1 function. Also, a cysteine cluster structure located in the C-terminal region of MTF-1 is critical for transactivating function of MTF-1. These results suggest a central role of the Znnger domain and intramolecular cooperation through a structural change of MTF-1 for its response to heavy metal challenge.
m: mouse, h: human, f:ˆsh. The characteristic structure of MTF-1 is six tamdem repeats of the C2H2 type zincˆnger motif, and the transcription activation domain lies adjacent to the zincˆnger domain. Functions of the both terminus regions has not been clariˆed. Such a protein structure of MTF-1 is well conserved from insects to humans. In hMTF-1, two types of cDNA has been reported, hMTF-1a and b, which diŠer one nucleotide in the secondˆnger motif, so that amino acid-185 is diŠerent from each other as indicated in theˆgure.
Fig. 2. Predicted Mechanism for Transcriptional Activation of MT-I and -II Genes Mediated by MTF-1
Heavy metal signals culminating MT-induction converge on MTF-1 to give rise to its binding to MREs existing in the upstream region of MT-I/II genes. On the other hand, since MTF-1 in itself can respond only to Zn in vitro, it is believed that MTF-1 is a Zn sensor and the heavy metal signal is thought to be converted into the Zn signal, such as the increase in free-Zn concentrations. MTF-1 has been reported to be phosphorylated and to translocate from cytoplasm to the nucleus under the serum free condition, but their meaning in MTF-1 activation is obscure.
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Vol. 127 (2007) HepG2 cells were treated with various heavy metals as indicated in thê gure. After formaldehydeˆxation, chromatin was mechanically sheared by sonication and MTF-1/DNA complexes were immunoprecipitated with ahMTF-1. The precipitates were heated to reverseˆxation to liberate DNA. The DNA was puriˆed and amounts of the promoter region of the MT-IIA gene was estimated by PCR and subsequent agarose gel electrophoresis.``C'' indicates a control without addition of heavy metals, and``M'' indicates a DNA ladder marker. A: Quantiˆcation of hMTF-1 amounts in cytosol and nuclear extracts. HeLa cells were treated with 10 mM Cd for up to 60 min. After the cells were lysed by a buŠer containing NP-40, nuclei and cytoplasm were separated by centrifugation. The nuclear extracts and cytosol were then prepared by the method reported previously. 14) hMTF-1 in both fractions were analysed by Western blot analysis using a-hMTF-1. The amounts of hMTF-1 were quantiˆed by measuring its band intensity with NIH Image, and represented by the graph. Black bar: hMTF-1 amounts in nuclear extracts, gray bar: hMTF-1 amounts in cytosol. B: HeLa cells were treated with or without 10 mM Cd for 60 min. After the cells wereˆxed with formaldehyde, endogenous hMTF-1 was detected by immunocytochemical analysis using a-hMTF-1 and an FITC-conjugated second antibody. 
